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Abstract. The aim of this study was to evaluate the effect of ozone on the quality of wheat grain
during air ventilation drying process. After harvesting, the wheat grain was placed in two storage
tanks. In one storage tank for grain drying was used air but in the other - ozone as the drying
agent. The following quality parameters - moisture, water activity, gluten, starch and protein
content, as well as the total plate count of microorganisms were determined during storage. Wheat
grain quality parameters were analysed by taking samples from the top and bottom of the storage
tanks. Two-year experiments showed that ozone treatment did not significantly affect (P > 0.05)
the moisture content, water activity, gluten, starch and protein content of the analysed wheat
grain, but all parameters were significantly affected (P < 0.05) by the sampling location - top or
bottom of the storage tank. All samples taken from the top of the tanks throughout the drying
process had higher water activity (aw < 0.800). It should be noted that in both series of
experiments it was found that there is a very large difference (up to 10%) in grain moisture
between grain sampled at the top and bottom of the tanks. Favourable conditions for the
development of microorganisms are increased moisture and free water available in the products
and rawmaterials. According to the results obtained in the experiments, it can be concluded that the
total plate count in the analysed wheat grain did not exceed the permissible norms (105 CFU g-1).
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INTRODUCTION
According to statistics (Worldwide production of grain 2019/2020), in 2019/2020,
wheat (Triticum aestivum L.) was grown 764.49 million tons, which is the second crop
grown after corn (1,116.34 million tons). Of the total amount of wheat grown in
2019/2020, 80% was used for food. Wheat is mainly used in the production of bread,
flour confectionery, pasta, as well as in daily meals (sauces, pancakes, etc.). Therefore,
it is important to ensure grain and flour quality during storage and processing, because
their quality is affected by many factors.
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Ozone is widely used to ensure the quality of drinking water and the processing of
food raw materials and products (fruit, vegetables, and cereals). The ozone treatment is
considered as an alternative method to reduce the total number of microorganisms, pests
and mycotoxins in food or raw materials, as well as to reduce the risk of mould, thus
extending the shelf life of products (Tiwari et al., 2010; Jian et al., 2013; Rakcejeva et
al., 2014; Zhu, 2018; Hutla et al., 2020). Additional studies showed that ozone treatment
can reduce the content of mycotoxins in products and raw materials and it have harmful
effects by toxigenic fungi (Savi et al., 2020;Nickhil et al., 2021). The efficiency of ozone
treatment depends on raw material or food product used, the level of contamination, the
time and duration of ozone treatment (Wang et al., 2016; Granella et al., 2018). Many
studies have been done under laboratory conditions and with a small amount of grain or
flour (Rakcejeva et al., 2014; Mei et al., 2016; Granella et al., 2018; Hu et al., 2020). In
order to enable the assessment of the potential use of ozone for grain treatment by
farmers, it is necessary to evaluate ozone treatment performance in real farm conditions.
Such research has been started by Latvian scientists (Kleperis et al., 2019; Rucins et al.,
2020), and research is still ongoing. There are relatively few studies on how ozone
treatment affects grain quality and if ozone can be used as the agent to enhance active
drying of grain.
The aim of this study was to evaluate the effect of ozone on the quality of wheat
grain during air ventilation drying process.
MATERIALS AND METHODS
The experiments were performed in 2019 and 2020 on the farm Mazkalniņi, 
Tervete district, Latvia.
Experimental design
Wheat grains were harvested in July 2019 and in August 2020. The wheat grain
storage in 2019 was performed according to the procedure described by Rucins et al.
(2020) and the location of ozone sensors in the grain storage tanks was designed as
described Kleperis et al. (2019). Storage tanks were equipped with fans of equal
7,000 m3 h-1 capacity - one blowing only air from below, the other - air / ozone
mixture (200 g h-1). The ozone generator OPV-100.03 (ООО НПО ‘Жемчужина Руси’, 
RU) was connected to the fan (Fig. 1). The air flow above the grain layer was
0.05–0.06 m s-1. From the experience of 2019, it was found that the fan productivity for
a 5.5 m high wheat grain layer was insufficient and in 2020 the experiments were
performed with a 3.0–3.5 m high wheat grain layer, which required about 10.8 t of wheat
grain to fill each tank.
Drying with air active ventilation without and with ozone was performed for 185 h
(2019) and 136 h (2020), approximately 7 and 6 h per day, respectively.
The ozone concentration at inlet was 15–18 ppm, while ozone concentration at the
5 m level was around 0.1 ppm in 2019, indicating that the majority of supplied ozone
was absorbed at the lower levels. In the 2020 experiment, the inlet concentration
remained at 15–18 ppm, but due to the reduced height of the grain layer, its concentration
at the top was around 2.6–4.5 ppm.
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Figure 1. Experimental design of wheat grain storage tanks for year 2020.
The tank filling: to the height (coloured) to 3.2 m; 1/1–1/5; 2/1–2/5 – air humidity, temperature and ozone
sensors; 1 – ozone; 2 – tank without ozone; 3 – tank with ozone; 4 – outside sensors; 5 – air dust filter;
6 – fans; 7 – the ozone generators.
Moisture content of wheat grain
Moisture content of wheat grain was determined according to AACC Method
44-15.02 Moisture - Air-Oven Methods, in the ULM 500 oven (Memmert, Germany).
Water activity of wheat grain
Water activity was determined with LabSwift-aw device (Novasina, Switzerland).
Chemical composition of wheat grain
Gluten, starch and protein content was determined using Grain Analyzer
InfratecTM 1241 (FOSS, Denmark). For the analysis approximately 700 g of whole wheat
grain were used.
Microbiological analysis of wheat grain
Determination of the microorganisms total plate count (TPC) was completed
according to the standard ISO 4833-1:2003 Microbiology of the food chain - Horizontal
method for the enumeration of microorganisms - Part 1: Colony count at 30 °C by the 
pour plate technique.
For the analysis (moisture content, water activity and microbiological analysis)
were used approximately 100 g of ground wheat grain.
All parameters were analysed for wheat grain sampled from each storage tank
(without ozone and with ozone) from the top and the bottom.
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All analysis was done triplicate. In the experiments required data are given as
average with standard deviation. Data were analysed Microsoft Office Excel 2016.
ANOVA (one-way analysis of variance) and Tukey’s test at a confidence level of 95% 
was used to estimate differences between means. Comparison of analysed parameters
were calculated by t-test and significance between data was defined at P ≤ 0.05.
RESULTS AND DISCUSSION
Grain quality after harvesting and storage may be affected by many factors
(temperature, drying type, air humidity, storage conditions, raw material quality)
(Granella et al., 2018). During storage moisture content, water activity, chemical
composition and microbiological parameters were determined for wheat grain.
Moisture content
In Fig. 2 the experimental data on changes of the wheat grain moisture during active
drying with and without ozone were collected.
In accordance with the Regulations of the Cabinet of Ministers of the Republic of
LatviaNo. 461 (12.08.2014.) for food quality schemes, procedures for their implementation,
operation, monitoring and control, wheat must not have a moisture content higher than
14%, but the protein content not less than 12.5%. The moisture content of wheat grains,
which does not exceed 14%, is optimal so that the grains can be stored for a long time
and retain their quality.
wheat grain moisture after harvesting
Figure 2. Changes of wheat grain moisture content during air and ozone active drying.
Different letters within sample groups indicate significant differences between samples (P < 0.05).
In both years of the experiment, the moisture content ofwheat grain after harvesting
was high - 22.97 ± 0.35% (2019) and 21.47 ± 0.22% (2020) (Fig. 2.). After seven days
of active drying with and without ozone, the moisture content of the grain at the top of
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tank - by 7.87–8.74% (P < 0.05). Active drying with air and ozone shows that during the
first week of storage, more moisture is released from grain at the bottom of the storage
tank. In the experiment performed in 2020, after seven days of active drying, the
moisture of wheat grain, which was at the bottomof the storage tanks, was already below
14.0% and they are safe for long-term storage. In turn, in 2019, the moisture content of
wheat grain at the bottom of the storage tanks, which is lower than 14.0%, was reached
after 12 days of active drying. It must be acknowledged that for wheat grain taken from
the bottom of the tanks for analysis, the moisture content at the end of drying was
relatively low: 8.28 ± 0.16–9.07 ± 0.06% (without ozone, 2020 and 2019, respectively)
and 8.73 ± 0.14–9.55 ± 0.25% (with ozone, 2019 and 2020, respectively), which could
affect the baking properties of cereals. All analysed samples taken from the top of the
storage tanks, regardless of the type of active drying - with or without ozone - were high
(above 19.0%) even on the last day of the experiment. It should be noted that in both
years of the experiments it was found that on the last day of the experiment there was a
very large difference (up to 10.74%) in moisture of wheat grain for those sampled from
the top and bottom of the storage tanks. Therefore, regardless of the storage tank filling
(5.0 or 3.5 m), it is necessary to stir the grain during active drying to even out the
moisture content of the wheat grain. From the obtained results it can be concluded that
active drying with ozone didn’t significantly affect (P > 0.05) the moisture content of
wheat grain. However, moisture content of wheat was affected (P < 0.05) by the
sampling location with a quicker reduction of moisture at the bottom of the storage tank.
Water activity
During the active drying of wheat grain with and without ozone, its water activity,
which characterizes the amount of free water in the products, was analysed. In the Fig. 3.
the changes in wheat grain water activity during storage using active drying with and
without ozone are summarized.
wheat grain water activity after harvesting
Figure 3. Changes of wheat grain water activity during active air and ozone drying.
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The water activity of wheat grain after harvesting was very high - above 0.900,
which indicates a large amount of free water available to microorganisms that can
promote grain moulding process. For wheat grain harvested in 2020, the water activity
was high (aw > 0.800) during the whole period of active drying (22 days). Similar results
were obtained in the 2019 experiments, when only after 25 days of active drying; the
water activity of the samples taken from the top of the storage tank was below 0.800,
which is high value. The wheat grain of 2019, after seven days of active drying, reached
an aw < 0.500, which is sufficient not to promote the development of microorganisms.
In turn, in 2020 aw < 0.500 was reached after 12 days of active drying. Analysing the
results obtained in the study 2020, it can be concluded that active ozone drying didn’t 
significantly affect (P > 0.05) the water activity of wheat grain, but it was significantly
affected (P < 0.05) by the sampling location - the top or bottom of the storage tank.
Figure 4. Correlation between wheat grain moisture and water activity during active air and
ozone drying.
The results of experiments demonstrated strong linear correlation (r = 0.957)
between wheat grain moisture and water activity (Fig. 4.) - the lower the wheat grain
moisture content, the lower grain water activity.
Chemical composition
In the Table 1 wheat grain protein, gluten and starch changes during active drying
are summarized.
The protein content of wheat grain ranged from 7.00 to 20.00 g 100 g-1, but the
optimal protein content for good baking properties is 12.00 to 14.00 g 100 g-1. The
analysed wheat grain of 2019 had a protein content of 15.89 ± 0.72–
16.41 ± 0.17 g 100 g-1 (Table 1), which is relatively high. In turn, the analysed wheat
grain in 2020 had 14.87 ± 0.31–13.28 ± 0.41 g 100 g-1, which is optimal for obtaining
good quality bread. In this research we didn’t find that the protein content of wheat grain 
was significantly affected (P > 0.05) by active drying with and without ozone and the
sampling place (top or bottom), but the protein content was significantly affected
(P < 0.05) by the year.




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Gluten content is an important quality indicator for the use of wheat grain in bread
making. The minimum gluten content for making good quality bread is 23%. In 2019,
after harvesting, the gluten content in wheat grain was 36.46 ± 0.46 g 100 g-1, but in
2020 - 28.03 ± 0.65 g 100 g-1, which allows to conclude that the gluten content in wheat
grains was significantly affected (P < 0.05) by harvesting year - there were different
weather conditions that could have affected the gluten content. The analysed wheat grain
samples had a gluten content of more than 23% (irrespective of the year of harvest, active
drying and sampling place in storage tanks), so they correspond to good quality grain
that can be used for bread production. (Mei et al., 2016) found that 1.5–2.0 h of ozone
treatment significantly affected (P < 0.05) wet gluten content. This is inconsistent with
our study, but it could be related to the fact that 18.5 t and 10.6 t of wheat grain were
used and active drying with ozone occurred for 185 h (2019) and 136 h (2020).
The starch content of wheat grain can be 60–70% of grain mass (Broberg et al.,
2015). The analysed wheat grain of 2019 after harvest had a starch content of
65.36 ± 0.84 g 100 g-1 (Table 1), which did not change significantly during the active
drying of wheat grain at the top of the storage tank. On the other hand, for wheat grains
taken from the bottom of the storage tank, the starch content decreased by about 2.00%
as a result of 25 days of active drying. In turn, in 2020, the starch content of wheat grain
after harvesting was 68.73 ± 0.46 g 100 g-1, which differs significantly (P < 0.05) from
the 2019 harvest. For changes in starch content of active drying with and without ozone
in 2020 were observed similar trends as in 2019.
The study showed that the protein, gluten and starch content of wheat grain was not
significantly affected (P > 0.05) by the active drying with ozone. Our results are in
accordance with the study of (Zhang et al., 2021), who reported that ozone treatment of
wheat didn’t affect the main chemical composition of milled flour.
Microbiological parameters
In the Fig. 5 the changes of microbiological parameter during storage using active
drying with and without ozone are summarized.
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European Commission Health & Consumer protection directorate has indicated
that safe amount for consumers in the food product of microorganisms total plate count
(TPC) is < 105 CFU g-1 (European Commission, 2012). Then, based on the results of the
study, it can be concluded that the TPC in the analysed wheat grains didn’t exceed the 
permissible norms. Active dryingwith ozone of wheat grains can significantly (P < 0.05)
reduce the total amount ofmicroorganisms (Fig. 5).What coincides with Hu et al. (2020)
results, who found that in the buckwheat based composite flour total amount of
microorganisms decreased significantly (P < 0.05). In year 2020, after 22 days of active
drying, the TPC at the top of the storage tank increased significantly, which could be due
to the high moisture content of the wheat grain analysed, which significantly contributed
to the development of microorganisms. Jian et al. (2013) have found that ozone can
reduce the count of microorganisms in grain, but this depends on the amount of ozone
and the processing time with ozone.
The results obtained in this study showed that the application of ozone significantly
(P < 0.05) reduced total microorganism count compared to the processing without
ozone. However, the height of grain layer - 5.0 m in 2019 or 3.5 m in 2020 did
significantly affect (P > 0.05) TPC. Savi et al. (2020) found similar trend in the storage
of rice, and they recommend ozone treatment as antifungal agent.
CONCLUSIONS
The results obtained in the study showed that ozone treatment of wheat grain
15–18 ppm and treatment time of 185 h (2019) and 136 h (2020) did not significantly
affect (P > 0.05) the moisture content and water activity of grain, but these parameters
were significantly affected (P < 0.05) by the sampling location – the top or the bottom
of the storage tank. Active drying with ozone significantly (P < 0.05) reduced the total
plate count, but it was not observed that it would be significantly affected (P > 0.05) by
the height of grain layer (2019 and 2020). The study proved that the protein, gluten and
starch content of wheat grain was not significantly affected (P > 0.05) by the active
drying with ozone.
In order to ensure a more efficient wheat grain active drying process in large
quantities (more than 10 tons), it is necessary to find a solution that at least once a week
grain in the storage tank is stirred.
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